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Abstract. Nurmiati N, Periadnadi P, Syahril SF, Edelwis TW. 2024. The antimicrobial and antioxidant potentials of Annona species (A. 

muricata, A. squamosa, and A. reticulata) through leaf infusions. Biodiversitas 25: 3422-3430. This study aimed to determine the 

antimicrobial and antioxidant potential of infusions derived from dried leaves of Soursop (Annona muricata L.), Sugar Apple (Annona 

squamosa L.), and Custard Apple (Annona reticulata L.). Using a nested pattern experimental method, this research aimed to evaluate 

the potential of these plant extracts in inhibiting microbial growth and antioxidant properties. The experiment used in this research is a 

nested experimental design with 2 factors and 3 replications, where factor A represents the extract type, while factor B represents the 

test microorganism. The antibacterial assay was conducted using the disk diffusion and dilution methods against Staphylococcus aureus, 

Escherichia coli, and Candida albicans. Minimum Inhibitory Concentration (MIC) and Minimum Lethal Concentration (MLC) are 

determined. Antioxidant activity was assessed using the 2,2-diphenyl-1-picrylhydrazyl (DPPH) method, while Total Phenolic Content 

(TPC) and carotenoid levels were measured using Folin-Ciocalteu and spectrophotometric methods, respectively. The results showed 

that the infusion of dried custard apple leaves had the highest growth inhibition against S. aureus ATCC 29213, with a zone of inhibition 

of 10.65 mm. However, these effects were not significantly different for E. coli American Type Culture Collection (ATCC) 25922 and 

C. albicans. The dried custard apple leaf infusion showed an inhibition rate of 48.58% against S. aureus, compared to the positive 

control chloramphenicol (0.1 mg/mL), and inhibition rates of 24.57% against E. coli and 28.70% against C. albicans, compared to the 

positive control fluconazole (0.1 mg/mL). The results revealed that the Minimum Inhibitory Concentration (MIC) of soursop and custard 

apple leaf extracts against S. was 6.25%, with a Minimum Lethal Concentration (MLC) of 12.5%. The MIC of sugar apple leaf extract 

against S. aureus was 6.25%, with an MLC of 25%. The antioxidant activity of the soursop leaf extract had the highest antioxidant 

activity, with the IC50 value of 38.56 μg/mL. The custard apple leaf extract had the highest polyphenol content (38.97 mgGAE/mL). The 

fresh sugar apple leaf extract emerged as the leader in carotenoid content, recording an impressive 548.84 μmol/g. This research 

revealed the potential bioactivity of the infusions derived from dried leaves of Soursop, Sugar Apple, and Custard Apple for antimicrobial 

efficacy and potent antioxidant properties. Therefore, they might have the potential as novel therapeutic agents and nutraceuticals. 
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Abbreviations: MIC: Minimum Inhibitory Concentration; MLC: Minimum Lethal Concentration; SDA: Sabouraud Dextrose Agar; 

MHA: Mueller Hinton Agar; NA: Nutrient Agar; PDA: Potato Dextrose Agar; MHB: Mueller Hinton Broth; SDB: Sabouraud Dextrose 

Broth; ATCC: American Type Culture Collection; DPPH: 2,2-diphenyl-1-picrylhydrazyl; TPC: Total Phenolic Content 

INTRODUCTION 

Antimicrobial resistance is a global public health 

problem that needs to be solved. Antimicrobial resistance 

causes several problems, such as increasing morbidity and 

mortality, costs and length of treatment, and side effects 

from the use of multiple drugs in high doses. Alternatives 

that can be used are antimicrobials derived from plant 

materials. There are four main groups of antimicrobial 

compounds produced by plants: phenolics and polyphenols, 

terpenoids and essential oils, lectins and polypeptides, and 

alkaloids (Hashem et al. 2023). This phenolic compound is 

a bioactive compound with antimicrobial and antioxidant 

properties. One of the plant families that contain phenolic 

compounds is the Annonaceae family, such as Soursop 

(Annona muricata L.), Sugar Apple (Annona squamosa L.), 

and Custard Apple (Annona reticulata L.).  

The search for novel therapeutic agents and nutraceuticals 

has led to a surge in research exploring the bioactive 

properties of natural sources. Among these, plants have 

emerged as promising reservoirs of bioactive compounds 

with potential health benefits. In this context, the genus 

Annona, comprising species like Soursop (Annona muricata 

L.), Sugar Apple (Annona squamosa L.), and Custard 

Apple (Annona reticulata L.), has garnered considerable 

attention due to its rich phytochemical profile and traditional 

medicinal uses (Kavithaa et al. 2016; Haruna et al. 2022; 

Vishvakarma et al. 2023). 

Soursop (Annona muricata L.) has been utilized in 

herbal medicine. Its leaves contain tannins, phytosterols, 

ca-oxalate, murisine alkaloids, and sesquiterpene derivatives 
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(Ahmad et al. 2024). The soursop leaf is a remedy for 

ulcers, boils, seizures, acne, head lice, and diarrhea (Uchegbu 

et al. 2017). The soursop leaf juice inhibited the growth of 

Escherichia coli (Jemikalajah et al. 2021). 

Sugar apple leaves (Annona squamosa L.) have been 

traditionally utilized as a remedy for coughs, rheumatism, 

digestive tract disorders (diarrhea, dysentery, flatulence), 

skin diseases (ulcers, boils, scabies), as well as for enhancing 

stamina and reducing fever. These leaves contain various 

bioactive compounds, including tannins, phenolics, 

polyphenols, glycosides, saponins, phytosterols, alkaloids, 

and flavonoids. These compounds are natural antimicrobials 

and antioxidants (Kumar et al. 2021). The methanol extract 

and ethyl acetate extract of sugar apple leaves inhibit the 

growth of E. coli and Staphylococcus aureus (Ahmad 

Shiekh et al. 2021).  
The custard apple (Annona reticulata L.) is traditionally 

used to treat epilepsy, dysentery, heart-related issues, 

constipation, bleeding, antibacterial infections, dysuria, 

fever, and stomach problems. The custard apple leaves 

contain alkaloids, amino acids, carbohydrates, flavonoids, 

glycosides, proteins, steroids, tannins, and phenolic 

compounds (Ngbolua et al. 2018). The methanol extract 

from custard apple leaves (A. reticulata) inhibits the growth 

of bacteria, such as Staphylococcus aureus, Staphylococcus 

epidermidis, Proteus vulgaris, Bacillus subtilis, Escherichia 

coli, Pseudomonas aeruginosa, Klebsiella pneumoniae, and 

Salmonella typhi, with the highest inhibitory potential 

against Bacillus subtilis and Escherichia coli (Kumari et al. 

2021).  

Empirically, various methods exist for processing 

medicinal plants, including boiling fresh or dried leaves or 

simply infusion in hot water (Fonmboh et al. 2020). An 

alternative to processing medicinal plants is an infusion 

from dried leaves or herbal tea. Utilizing boiling water in 

the infusion process does not eliminate the phenolic 

compounds in dried leaves (Rohmah and Margareta 2023). 

In addition to being convenient, the drying process can 

extend the shelf life of herbal medicines.  

Several species from Annonaceae are recognized for 

their antimicrobial and antioxidant (Chowdhury et al. 2021; 

dos Santos et al. 2023). However, comparative research has 

not been conducted on the antimicrobial and antioxidant 

activity of infusions from dried leaves, soursop, sugar 

apple, and custard apple leaves. Based on this gap in the 

literature, the author is interested in testing the antimicrobial 

and antioxidant activity of infusions of dried leaves of 

soursop (A. muricata), sugar apple (A. squamosa), and 

custard apple (A. reticulata) leaves. 

This study evaluates the antimicrobial and antioxidant 

activities of infusions of dried soursop leaves, sugar apples, 

and custard apples. The findings from this study can serve 

as a foundation for further research on the bioactivities and 

properties of these plants. The antimicrobial activity and 

antioxidant potentials provide valuable insights into the 

therapeutic applications of Annona species, suggesting 

their potential use in pharmaceuticals or natural remedies 

for combating microbial infections and oxidative stress-

related conditions. The isolation of the specific bioactive 

compounds responsible for their bioactivities is also 

needed. Moreover, a similar methodology and experimental 

approach could be applied to other parts of Annona plants 

or species within the genus.  

MATERIALS AND METHODS  

Study area 

The research was conducted from April to June 2023 at 

the Microbiology Research Laboratory, Biology Department, 

Faculty of Mathematics and Natural Sciences, Andalas 

University, Padang, Indonesia.  

Laboratory equipment and materials 

The laboratory equipment used included Petri dishes, 

test tubes, Erlenmayer, spirit lamp, test tube rack, 

measuring cup, dropper pipette, autoclave, incubator, hot 

plate, vortex, stirrer, digital scale, colony counter, tweezers, 

micropipette, spectrophotometer, calipers, disc paper. The 

materials used in this research include dry leaves of A. 

muricata, dry leaves of A. squamosa, dry leaves of A. 

reticulata, pure cultures of E. coli ATCC 25922, S. aureus 

ATCC 29213 and C. albicans, nutrient agar (NA) (Merck), 

Potato Dextrose Agar (PDA) (Merck), Mueller Hinton 

Agar (MHA) (Merck), Sabouraud Dextrose Agar (SDA) 

(Merck), Mueller Hinton Broth (MHB) (Merck), 

Sabouraud Dextrose Broth (SDB) medium (Merck), 

alcohol 70% Onemed (Sigma), Follin-Ciocalteau reagent 

(Sigma), DPPH solution, Na2CO3 (Sigma), methanol p.a. 

(Merck), Vit C, Gallic acid (Sigma), Chloramphenicol 

(Sigma), and Fluconazole (Sigma). 

Research methods 

The method used in this research is a nested experimental 

design with 2 factors and 3 replication, where factor A 

represents the extract type, while factor B represents the 

test microorganism. 

Procedures 

Medium preparation 

In separate Erlenmeyer flasks, 5 g of NA, 10 g of PDA, 

9.5 g of MHA, 16.5 g of SDA, 5.5 g of MHB, and 7.5 g of 

SDB were dispensed and diluted with distilled water to a 

total volume of 250 mL. Subsequently, the solutions were 

heated on a hot plate until reaching the boiling point and 

then subjected to sterilization using an autoclave set at a 

temperature of 121℃ and a pressure of 1 atm for 15 

minutes (Nurmiati et al. 2018). 

Preparation of test microbial suspension 

Each pathogenic microbe was inoculated in a NaCl 

0.9% solution using a needle, then homogenized with 

vortex until the turbidity was equivalent to McFarland's 0.5 

standard solutions (Ahmed et al. 2021). 

Antimicrobial activity test with diffusion and dilution methods 

MHA (Mueller-Hinton Agar) and SDA (Sabouraud 

Dextrose Agar) were dispensed into separate Petri dishes 

containing approximately 15 mL of medium until they 

solidified. A sterile cotton swab spread a microbial suspension 
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evenly across the Petri dish surface. Subsequently, Each 

paper disc was aseptically placed into each dish using 

sterile tweezers and incubated for 24 hours. Additionally, 2 

µL of extract was transferred to each disc. After incubation, 

observations and measurements of the diameter around 

each disc were carried out using a caliper to assess microbial 

inhibition zones. The positive controls, Chloramphenicol 

(0.1 mg/mL) and Fluconazole (0.1 mg/mL) were used for 

comparison. 
Minimum Inhibitory Concentration (MIC) and Minimum 

Lethal Concentration (MLC) were determined using the 

Dilution Method. The extract was diluted in SDB/MHB 

medium to obtain concentrations of 50%, 25%, 12.5%, 

6.25%, 3.125%, 1.6%, 0.8%, 0.4%, 0.2%, and 0.1%. 

Subsequently, 1 mL of each test microbial suspension was 

added to separate test tubes. The tubes were then incubated 

at 37℃ for 24 hours. The turbidity of the solution was 

observed after 24 hours. 
After incubation, 1 mL of the solution from a clear tube 

was transferred to the SDA/MHA medium. Subsequently, 

this plate was incubated for 24 hours. The determination of 

Minimum Inhibitory Concentration (MIC) and Minimum 

Lethal Concentration (MLC) was based on the lowest 

concentration in the dilution series that showed no growth 

of the test microbes after being cultured on the SDA/MHA 

medium (Balouiri et al. 2016). 

Determination of antioxidant activity (IC50) using the 

DPPH method 

The assessment of antioxidant activity was conducted 

using the DPPH free radical scavenging method, employing 

1.1-Diphenyl-2-Picryl-Hydrazine (DPPH). The DPPH method 

was carried out following (Molyneux 2004). The infusion 

extract from dried leaves of soursop, sugar apple, and custard 

apple was reacted with a DPPH solution. The analysis of 

antioxidant activity was conducted using a Spectrophotometer 

at a wavelength of 517 nm (Kuppusamy et al. 2020). 

Gallic acid standard curve 

Standard solutions were prepared using various 

concentrations of gallic acid (0, 50, 100, 150, and 200 

ppm). A mixture was prepared by mixing 1 mL of the 

standard gallic acid solution with 1 mL of Folin-Ciocaltaeu 

reagent and incubated for 5 minutes. 1 mL of Na2CO3 was 

added to the mixture. The volume was then adjusted to 10 

mL using distilled water, followed by homogenization. The 

resulting solution underwent incubation for approximately 

ninety minutes. The absorbance value was subsequently 

measured at a wavelength of 725 nm (Herrera-Calderon et 

al. 2016). 

Determination of Total Phenolic Content (TPC) by the 

Folin-Ciocalteu method 

The quantification of phenolic compounds in the 

infusion extract of dried leaves from soursop, sugar apple, 

and custard apple was conducted by the Folin-Ciocalteu 

Assay. In the analysis of the samples, The infusion extract 

was mixed with Folin-Ciocalteu reagent at an equal volume 

at the 5-minute intervals. 1 mL of a 13% Sodium 

Carbonate solution was added to achieve a pH of 10 until 

the final volume reached 10 mL. The resulting mixture was 

then kept in darkness for 90 minutes before measuring its 

absorbance using a spectrophotometer set to a wavelength 

of 765 nm (Kahraman et al. 2019). 

Determination of carotenoid 

0.1 g of fresh soursop, sugar apple, and custard apple 

leaves were ground using a mortar. The resulting ground 

material is then extracted with 10 mL of 80% acetone and 

stirred until the carotenoids are dissolved. The extract is 

subsequently filtered using filter paper. The obtained 

filtrate is placed in a cuvette to measure carotenoid content 

with a spectrophotometer at 480 nm, 645 nm, and 663 nm 

wavelengths. After obtaining the absorbance values, the 

calculation of carotenoid content follows the formula 

proposed by (Viñas-Ospino et al. 2023). 

 

Where:  

A480 : Absorbance at wavelength 480 nm  

A645 : Absorbance at wavelength 645 nm  

A663 : Absorbance at wavelength 663 nm  

V : Extract volume (mL)  

W : Sample weight (g) 

Data analysis 

The data from the diffusion method underwent analysis 

using the nested pattern approach. In cases where 

significant differences were observed among the treatments, 

subsequent data analysis was conducted using the DMRT 

test at a significance level of 5%. Conversely, the descriptive 

study was employed to assess antioxidant activity, total 

phenolic content, and total carotenoid content based on 

results obtained from the dilution method (Wang et al. 

2023). 

 RESULTS AND DISCUSSION 

Based on the results of the antimicrobial test of infusion 

of dried soursop, sugar-apple, and custard apple leaves 

using the disc diffusion method were presented in Table 1. 

This table showed that three extracts had significantly 

different effects on S. aureus, with the largest inhibition 

zone observed in the infusion extract of dried soursop 

leaves (10.65 mm). However, there was no significant 

difference in the diameter of inhibition on E. coli and C. 

albicans, as no inhibition zones were observed. It indicated 

that the infusion extracts from dried soursop (A. muricata), 

sugar-apple (A. squamosa), and custard apple (A. reticulata) 

leaves can inhibit the growth of S. aureus but do not show 

inhibitory effects on the growth of E. coli and C. albicans. 
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Table 1. Diameter of inhibition of three Annona species against test microorganisms 

 

Extract 
Antimicrobial zone diameter (mm) 

E. coli  S. aureus C. albicans 

Positive control  22.33 24.42 20.9 

Soursop leaves (Dried infusion) 6.03a 8.74b 6.00a 

Sugar-apple leaves (Dried infusion) 6.00a 7.10c 6.00a 

Custard apple leaves (Dried infusion) 6.00a 10.65a 6.00a 

 

 

 

   
 

 

Figure 1. Antimicrobial activity of dried infusion extracts from Soursop leaves (A. muricata), Sugar-Apple (A. squamosa), and Custard 

Apple (A. reticulata) against S. aureus. A. Custard Apple leaves; B. Soursop leaves; C. Sugar-Apple leaves 

 

 

   
 

Figure 2. Antimicrobial activity of dried infusion extracts from soursop leaves (A. muricata), sugar-apple (A. squamosa), and custard 

apple (A. reticulata) against E. coli. A. Custard Apple leaves; B Soursop leaves; C. Sugar-Apple leaves 

 

 

 

The infusion extract from custard apple leaves 

demonstrated the largest inhibition zone (10.65 mm), 

followed by the infusion extract from soursop leaves (8.74 

mm) and sugar-apple leaves (7.10 mm). The varying 

diameters of the inhibition zones among the extract are 

attributed to active compounds within each extract and the 

strain of test microorganisms. Antibacterial activity is 

influenced by multiple factors, including extract concentration, 

the composition of antibacterial compounds, the diffusion 

capacity of the extract, and the type of bacteria 

(Ramyabharathi et al. 2020). 

The antibacterial mechanisms of each secondary 

metabolite compound vary. Alkaloid compounds disrupt 

the bacterial cell peptidoglycan components, preventing the 

formation of the cell wall layer and leading to cell death. 

Flavonoid compounds, as antibacterials, form complex 

compounds with soluble extracellular proteins. This 

interaction can damage the bacterial cell membrane, followed 

by the release of intracellular compounds (Weng et al. 

2024). 

The three extracts inhibit the growth of S. aureus 

because S. aureus, as a Gram-positive bacterium, possesses 

a polar cell wall, making it easily penetrated by polar 

compounds such as alkaloids, flavonoids, and tannins. In 

Gram-positive bacteria, teichoic acid is connected to 

peptidoglycan through covalent bonds. Teichoic acid is 

hydrophilic (water-soluble) and is a medium for transporting 

positively charged ions in and out of the cell wall (Shrestha 

et al. 2023). The water-soluble nature of teichoic acid 

makes Gram-positive bacteria's cell walls more polar than 

Gram-negative bacteria's. 
The inhibition zone of infusion of soursop leaves 

against E. coli was 6.03 mm, but sugar apple and custard 

apple leaf infusions did not inhibit the growth of E. coli. 

Figure 2 shows that the absence of an inhibition zone in 

sugar apple and custard apple leaf infusions may be due to 

the active compounds in the extract and the extraction 

process. The hot water infusion breaks ester and glycoside 

bonds in phytochemical compounds, extracting them into 

the water. Since polar solvents dissolve polar compounds, 

water, being a polar solvent, will dissolve polar 

A B 

C A B 

C 



 B IODIVERSITAS 25 (8): 3422-3430, August 2024 

 

3426 

phytochemicals like alkaloids, flavonoids, saponins, and 

tannins (Bitwell et al. 2023). 

The absence of an inhibition zone in the E. coli treatment 

is also influenced by the structure of the bacterial cell wall. 

The cell wall of E. coli has a non-polar lipid layer, making 

polar compounds challenging to penetrate. E. coli is a 

Gram-negative bacterium with three layers of cell walls, i.e., 

lipopolysaccharide, protein, and phospholipid (Mariychuk et 

al. 2020). The bacterial cell wall's structural composition 

significantly impacts antibacterial compounds' penetration, 

binding, and effectiveness (Rajendran and Mani 2020). 

The leaf infusion of soursop, sugar apple, and custard 

leaves did not inhibit the growth of C. albicans. It might be 

due to the complex structure of the cell wall of C. albicans. 

The cell wall of C. albicans comprises polysaccharides 

(mannan, glucan, chitin), proteins, and lipids, with a 

membrane containing sterols beneath it (El-Belely et al. 

2021). The absence of an inhibition zone is also influenced 

by the extraction method and the concentration of the 

extract. The extraction method used in this research is the 

infusion method. As a solvent, water may result in incomplete 

extraction of active compounds (Rohmah and Margareta 

2023). The low inhibitory capability may be attributed to 

the small amount of dissolved active compounds. 

The diameter of the inhibition zone of chloramphenicol 

against S. aureus is 22.33 mm. Compared to the positive 

control of chloramphenicol, the growth inhibition of 

infusion of dried custard apple (A. reticulata) is 48.58%, 

the dried soursop (A. muricata) is 43.48%, and the dried 

custard apple (A. squamosa) is 32.91%. The diameter of the 

inhibition zone for the positive control chloramphenicol 

against E. coli is 24.42 mm. Compared to the controls, the 

growth inhibition of infusion of dried custard apple (A. 

reticulata) is 24.57%, the dried soursop (A. muricata) is 

24.73%, and the dried custard apple (A. squamosa) is 

24.57%. The mechanism of action of the chloramphenicol 

antibiotic is inhibiting the peptidyl transferase enzyme, 

which plays a role in the formation of peptide bonds in the 

bacterial protein synthesis process (Tiwari et al. 2018). 

The diameter of the inhibition zone for the positive 

control fluconazole against C. albicans is 20.29 mm. 

Compared to the positive control fluconazole, the growth 

inhibition of the infusion of dried custard apple (A. reticulata) 

is 28.70%, the dried soursop (A. muricata) is 28.70%, and 

the dried sugar apple (A. squamosa) infusion is 28.70%. 

Fluconazole is an antifungal of the triazole group that acts 

as a potent inhibitor of ergosterol biosynthesis by inhibiting 

14-α-demethylase, a microsomal cytochrome P450 enzyme 

in the fungal membrane (Medda et al. 2015). 

Minimum Inhibitory Concentration (MIC) and Minimum 

Lethal Concentration (MLC) 

Minimum Inhibitory Concentration (MIC) and Minimum 

Lethal Concentration (MLC) values of leaf infusion extract 

of soursop, custard apple, and custard apple were conducted 

using the dilution method. Based on Table 3, the results 

show that the MIC value of the leaf infusion extract of 

soursop was 6.25% and a Minimum Lethal Concentration 

(MLC) value of 12.5%. The MIC and MLC values of the 

sugar apple leaf infusion were 6.25% and a Minimum Kill 

Rate value of 25%. The MIC and the MLC values of the 

leaf infusion extract of Custard apple were 6.25% and 

12.5%, respectively. 

The presence of inhibitory and bactericidal effects is 

related to bioactive compounds in the extracts, such as 

alkaloids, flavonoids, tannins, terpenoids, and phenols. 

Based on antibacterial activity, antibacterial substances are 

classified into two types, i.e., bacteriostatic activity 

(inhibiting bacterial growth) and bactericidal activity 

(killing bacteria). The activity of an antibacterial substance 

in inhibiting or killing the growth of microorganisms 

depends on the concentration and type of antibacterial 

agent. The higher the concentration, the higher the 

antibacterial activity of the drug against bacteria (Lingaraju 

et al. 2019). These compounds have been reported properties 

by disrupting microbial cell membranes, inhibiting microbial 

enzymes, and interfering with microbial DNA replication 

or protein synthesis. The high content of phytochemicals, 

such as annonaceous acetogenins in Annona species, may 

contribute to their antimicrobial efficacy through various 

mechanisms, including inhibition of ATP production in 

microbial cells and disruption of mitochondrial function. 

The synergistic effects of multiple bioactive compounds in 

these plants may enhance their antimicrobial activity 

against various microorganisms. However, further research 

is needed to fully elucidate the precise mechanisms of 

antimicrobial activity of A. muricata, A. squamosa, and A. 

reticulata. 
 

 

 

Table 2. Inhibition zone of dried leaves infusion of three species 

of Annona against S. aureus compared to positive control 

(Chloramphenicol) 

 

Treatments 
Inhibition zone 

(mm) 
Percentage 

Chloramphenicol (positive 

control) 

22.33 - 

Dried leaves infusion of soursop  8.74 39.14 

Dried leaves infusion sugar 

apple 

7.1 31.80 

Dried leaves infusion of custard 

apple 

10.65 47.69 

 

 

 

Table 3. MIC and MLC of dried infusion extracts from Soursop 

leaves (A. muricata), Sugar-Apple (A. squamosa), and Custard 

Apple (A. reticulata) against the tested microbes 

 

Extract MIC (%) MLC (%) 

Soursop leaves (dried infusion) 6.25% 12.5% 

Sugar-apple leaves (dried infusion) 6.25% 25% 

Custard apple leaves (dried infusion) 6.25% 12.5% 



PERIADNADI et al. – Antimicrobial and antioxidant potentials of Annona species 

 

3427 

   
 

Figure 3. Antimicrobial activity of dried infusion extracts from soursop leaves (A. muricata), sugar-apple (A. squamosa), and custard 

apple (A. reticulata) against C. albicans. A. Custard Apple leaves; B. Soursop leaves; C. Sugar-Apple leaves 

 

 

 

Table 4. Total polyphenols of dried infusion extracts from 

soursop leaves (A. muricata), sugar apple (A. squamosa), and 

custard apple (A. reticulata)  

 

Extract 
Polyphenol  

(mgGAE/mL) 

Soursop leaves (Dried infusion) 17.98 

Sugar-apple leaves (Dried infusion) 19.79 

Custard apple leaves (Dried infusion) 38.97 

 

 

 

Table 5. Antioxidant activity of the infusion of dried soursop 

leaves (A. muricata), sugar-apple (A. squamosa), and custard 

apple (A. reticulata) 

 

Extract 
IC50 value 

(μg/mL) 

Soursop leaves (Dried infusion) 38.56 

Sugar-apple leaves (Dried infusion) 62.49 

Custard apple leaves (Dried infusion) 69.28 

 

 

The correlation of total polyphenols with antimicrobial 

activity 

The total phenolic content of soursop leaves (A. 

muricata), sugar apple (A. squamosa), and custard apple 

(A. reticulata) were presented in Table 4. Based on Table 

4, the results show that the polyphenol content of dried 

infused soursop leaves is 17.98 mgGAE/mL, followed by 

infused dried custard apple leaves is 19.79 mgGAE/mL, 

and infused dried sugar apple leaves is 38.97 mgGAE/mL. 

The phenolic content of leaf-infused dried sugar apple is 

higher than that of infused dried soursop and custard apple 

leaves. It is indicated that infused dried soursop and custard 

apple leaves contain compounds that have the potential as 

antioxidants besides phenolic compounds. Terpenoid and 

alkaloid compounds are compounds with antioxidant activity 

other than phenolic compounds (Cruz-Casas et al. 2023). 

The results showed that polyphenols correlate strongly 

with antimicrobial activity using diffusion and dilution 

methods. The results showed that the infused dried custard 

apple leaf extract has the highest antimicrobial activity. It 

might be due to the presence of phenols and polyphenols as 

primary contributors to antibacterial agents. The higher the 

extract's total phenol content, the higher the antibacterial 

activity (Dias et al. 2019). Hydroxyl groups of phenolic 

compounds (OH) influence antibacterial activity in inhibiting 

bacteria. The level and quantity of hydroxyl functional 

groups (OH) in the phenol group are related to its level of 

toxicity to microorganisms. The higher the hydroxylation 

process, the higher the toxicity. 

Total polyphenols and antioxidant activity 

The antioxidant activity of the infusion of dried soursop 

leaves (A. muricata), sugar-apple (A. squamosa), and custard 

apple (A. reticulata) were presented in Table 5.  Based on 

Table 5, the results show that the antioxidant activity of 

infused dried soursop leaves is classified as very strong 

(38.56 μg/mL), indicating that infused dried soursop leaves 

can oxidize DPPH free radicals (Ramalingam and Rajaram 

2018). The significant antioxidant activity of the infused 

dried soursop leaf extract is attributed to its chemical 

compounds, i.e., flavonoid compounds with an exceptionally 

high percentage of kaempferol. Hydroxyl groups on 

kaempferol (3,7,4’) were unsaturated bonds C2-C3, 

carbonyl groups at C-4, and hydroxyl groups at positions 3 

and 5 play a crucial role as antioxidants, forming hydrogen 

bonds with carbonyl groups (Patiño-Ruiz et al. 2020). 

Furthermore, the antioxidant activity of infused dried sugar 

apple leaves is classified as strong, with a value of 62.49 

μg/mL, in which infused dried sugar apple leaves can 

oxidize 50% of DPPH free radicals at the concentration of 

0.1 mM. Previous research by Werdiningsih and Zahro 

(2020) stated that the antioxidant activity of sugar apple 

leaf is classified as strong, with a value of 60.437 μg/mL 

(Werdiningsih and Zahro 2020). The extraction method 

also affects the difference in inhibition concentration 

values (IC50). 

The antioxidant activity of infused dried custard apple 

leaves is classified as strong, with a value of 69.28 μg/mL, 

indicating that infused dried custard apple leaves can 

oxidize DPPH free radicals due to phenolic and flavonoid 

compounds in the infused dried custard apple leaf extract 

(Ramalingam and Rajaram 2018). According to Werdiningsih 

and Zahro (2020), the sample's levels of phenolic and 

flavonoid compounds influence its antioxidant activity. The 

higher the levels of phenolic and flavonoid compounds, the 

higher the antioxidant activity (Werdiningsih and Zahro 

2020). Some antioxidant compounds also exhibit anti-

inflammatory properties. 

A B C 
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Figure 4. Microbial inhibition zone test area of control treatment: A. C. albicans; B. S. aureus; C. E. coli control 

 

 

The antioxidant activity of flavonoid compounds is due 

to the inhibition of the oxidation of arachidonic acid into 

endoperoxides (Ramalingam and Rajaram 2018). By 

inhibiting the oxidation of arachidonic acid, it can prevent 

the formation of reactive oxygen species and chemical 

mediators that can cause inflammation. Antioxidants can 

also reduce the activity of lipoxygenase enzymes, preventing 

the formation of leukotrienes that can inactivate leukocytes, 

thus triggering inflammation. Terpenoid compounds are 

known to inhibit inflammation through various mechanisms, 

one of which is by inhibiting the activity of lipoxygenase 

and cyclooxygenase enzymes (Hashem et al. 2023). 

Carotenoid effects 

The carotenoid activity of leaf extract of soursop leaves 

(A. muricata), sugar-apple (A. squamosa), and custard 

apple (A. reticulata) were presented in Table 6. 

Based on Table 6, the results show that soursop (A. 

muricata), sugar apple (A. squamosa), and custard apple 

(A. reticulata) leaves contain carotenoids as one of the 

water-insoluble antioxidants. In the fresh extract of sugar 

apple leaves, the carotenoid content is 548.84 µmol/g, and 

the fresh extract of custard apple leaves contains 509.43 

µmol/g of carotenoids, while the lowest is in the fresh 

extract of soursop leaves, which is 431.59 µmol/g. The 

differences in carotenoid levels are suspected to be due to 

variations in the compounds and pigments present in each 

leaf. The carotenoid content in a substance is influenced by 

various factors such as the environment (food and light 

intensity), type, and others (Idenyi et al. 2022). 

The compound carotenoid is also suspected to influence 

antioxidant activity. Carotenoids are orange or red pigments 

consisting of isoprenoid polyene compounds. The color in 

carotenoids is formed due to a chromophore group 

characterized by conjugated double bonds in the carotenoid 

molecule. The more conjugated double bonds, the more 

intense the carotenoid color, tending towards red or orange 

(Yun, Yan, and Liu 2022). 

 
Table 6. Carotenoid activity of leaf extract from soursop leaves 

(A. muricata), sugar-apple (A. squamosa), and custard apple (A. 

reticulata) 

 

Extract 
Carotenoid activity 

(µmol/g) 

Soursop leaves (fresh extract) 431.59 

Sugar-apple leaves (fresh extract) 548.84 

Custard apple leaves (fresh extract) 509.43 

In conclusion, the three extracts of soursop leaves (A. 

muricata), sugar-apple (A. squamosa), and custard apple 

(A. reticulata) had significantly different antibacterial 

activity against S. aureus, and the highest was the infused 

dried soursop leaf extract (10.65 mm). There were no 

inhibition zones against E. coli. The Minimum Inhibitory 

Concentration (MIC) of the leaf infusions of soursop and 

custard apple leaf extracts against S. aureus was 6.25%, 

and the Minimum Lethal Concentration (MLC) was 12.5%. 

The MIC of sugar apple leaf extract against S.aureus was 

6.25% with an MLC of 25%. The inhibition potency of the 

infused dried custard apple leaf extract is 48.58% against S. 

aureus compared to the positive control chloramphenicol 

(0.1 mg/mL), 24.57% against E. coli, and 28.70% against 

C. albicans compared to the positive control fluconazole 

(0.1 mg/mL). The highest antioxidant activity was in the 

infused dried soursop leaf extract with an IC50 value of 

38.56 μg/mL. The infused dried custard apple leaf extract 

had the highest polyphenol content (38.97 mgGAE/mL). 

The highest carotenoid content was in the fresh extract of 

sugar apple leaves (548.84 μmol/g). These infusions may 

be used for multidrug-resistant pathogens. Additionally, 

The antioxidant properties of Annona extracts offer further 

benefits by mitigating oxidative stress. Due to their 

excellent potency, these leaf infusions may be developed as 

an effective and sustainable source of antimicrobial and 

antioxidant agents against AMR to address urgent global 

health challenges. 
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